Recently, it has been reported that a significant percentage of patients suffering from acquired immunodeficiency syndrome (AIDS) have disseminated Mycobacterium aviumMycobacterium intracellulare (M. avium complex) infections (2) and that some of these infections are fatal (6) . In contrast to M. avium complex strains recovered from patients without AIDS, Kiehn et al. (9) found that 30 of 35 (86%) M. avium complex isolates recovered from patients with AIDS produced a deep yellow pigment. We obtained a number of M. avium complex isolates recovered from patients with AIDS in Westchester County, N.Y. (6 isolates), and from soils of Westchester County, N.Y. (20 isolates) . Ali of the clinical and six (30%) of the soil isolates produced a deep yellow pigment. Furthermore, 11 of the 12 pigmented isolates segregated unpigmented variants (one soil isolate did not).
Other interconvertible colonial variants of M. avium complex strains (i.e., opaque and transparent) have been described which differ in their infectivity and susceptibility to antimicrobial agents. Transparent variants are virulent and drug resistant, while opaque variants were avirulent and drug susceptible (1, 3, 8, 11, 14, 16-18, 21-23, 27 ). In addition, transparent colonial variants formed antigens which were absent in opaque variants (24) . Furthermore, the variants were interconvertible. Cultures of the transparent variants yielded opaque colonies at a rate of between 1O-4 and 10-5 per cell per generation (14) . The rate of appearance of transparent colonies from opaque variants was lower (e.g., 10-6 [27] ).
Because of the possibility that the pigmented and unpigmented variants were interconvertible and differed in antimicrobial susceptibility and other characteristics, we cared out a detailed characterization of pigmented M. avium complex isolates and their unpigmented segregants. Quite possibly, the poor response to chemotherapy of M. avium complex infections in patients with AIDS (7, 29, 30) could have been due to the emergence of antibiotic-resistant colonial variants.
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MATERIALS AND METHODS
Mycobacterial strains. Four M. avium complex isolates (two clinical and two from soil) were selected for detailed study. They were chosen as representatives of 6 I-Lactamase activity. P-Lactamase activity was measured with the chromogenic cephalosporin pyridinium-2-azo-pdimethylaniline chromophore (PADAC; Calbiochem-Behring, San Diego, Calif.) by a modification of the method described by Kobayashi et al. (10) . Cells were grown in 60 ml of MGE broth medium with or without 0.01 ,ug of penicillin per ml to late log phase with shaking at 37°C. That penicillin concentration did not inhibit the growth of either strain. Cells were harvested by centrifugation (5,000 x g for 10 min at room temperature), the culture supernatant was saved (for P-lactamase measurement), and cells were washed and sus- (26) . Growth on solid media. Growth of the pigmented and unpigmented variants was measured on the following solid media: MGE agar, MG agar, and a low pH minimal medium containing 1% (wt/vol) Tween 80 as the sole carbon source (TT agar [5] ). BSG suspensions, prepared as described above, were streaked to the medium surface, and the medium was incubated at 37 or 43°C. Growth, scored as the presence or absence of single isolated colonies (21 mm in diameter), was recorded after 2 and 4 weeks of incubation.
For measurement of growth rates on Lowenstein-Jensen medium slants (BBL Microbiology Systems), slants were inoculated with 0.01 ml of a suspension of each strain grown and prepared as described above and were incubated at 37°C, and cells were harvested immediately and at weekly intervals by addition of 5 ml of BSG and suspension by vortexing. The suspensions were diluted in BSG and plated on MGE agar medium.
Growth rates in liquid media. Growth rates of pigmented and unpigmented M. avium complex strains were measured in the following broth media: MGE broth, M7H9 containing 0.5% (vol/vol) glycerol (MG broth), M7HSF (28) , and Sauton medium. Sauton medium contained the following per liter: 4 g of L-asparagine, 2 g of citric acid, 60 ml of glycerol, 0.5 g of KH2PO4, 0.5 g of MgSO4, and 0.05 g of ferric ammonium citrate. The pH was adjusted to 7.2 with NH40H before autoclaving. Growth rates, reflected by increases in turbidity, of 5-ml broth cultures containing 0.5 ml of inoculum in screw-cap tubes (16 by 125 mm) incubated vertically with shaking at 37 and 43°C were measured at 580 nm with a Coleman Junior spectrophotometer.
Hydrophobicity measurements. Hydrophobicity was measured by adherence of cells to hexadecane as described by Ofek et al. (19) . Strains 2812 P and 2812 U were grown on MGE agar medium for 7 days at 37°C, colonies of the opposite pigmentation were removed with a sterile glass tube, and cells were harvested by suspension in phosphatebuffered saline (19) with a sterile glass rod. The cell suspension was centrifuged at 10,000 x g for 10 min at room temperature, and cells were washed twice in phosphate- (19) . The hydrophobicity of the remaining strains was measured in the same way by using a single amount of hexadecane (0.10 ml).
To determine the effect of medium composition and stage of growth on hydrophobicity, cells of strains 2812 P and 2812 U were grown in MG broth, MGE broth, and M7HSF to log, late log, and early stationary phases and were harvested as described above. Hydrophobicity was measured as described above by using 0.10 ml of n-hexadecane. Each suspension was sampled to determine the frequency of colonial variants.
Measurement of carotenoid content. The carotenoid content of strains 2812 P and 2812 U was measured by a modification of the method of Mathews (13) in cells grown for 2 weeks in 500 ml of MGE broth at 37°C. Cells were harvested by centrifugation at 10,000 x g for 10 min and washed twice in water. To the washed cell pellet was added 5 ml of methanol, the suspension was vortexed, the cells were pelleted by centrifugation at 10,000 x g for 10 min, and the yellow supernatant solution was saved in a foil-covered tube. The methanol extraction was repeated until the methanol was no longer yellow. The absorbance spectrum (300 to 600 nm) of the methanol -xtract was compared with those of a-and P-carotene (Sigma) in methanol.
Plasmid Strain 2812 P was more susceptible to amikacin and erythromycin than were strain 2812 U and strain 2816 P to both erythromycin and clindamycin. Beyond those, there were no other significant differences between pigmented and unpigmented strains.
MBCs were also determined with the Sceptor microdilution panels as described by Yajko et al. (28) . Only for strains 2812 P and 2816 P were 99% of the cells killed by concentrations of amikacin and ticarcillin-clavulanic acid (Timentin) achievable in serum (MBC/MIC ratio of 4 or less; data not shown). For the remaining strains and antibiotics, the MBC/MIC ratio was at least greater than 4, because the MBC was higher than the highest concentration of antibiotic in the Sceptor panel wells.
IP-Lactamase activity of cells and culture supernatants.
Because of the evidence from the Sceptor Beta-Lactam Plus panels that the M. avium strains produced P-lactamase activity, the P-lactamase activities of cells and culture supernatants of strains 2812 P and 2812 U were measured by using the chromogenic cephalosporin PADAC. Both cells and culture supernatants of strains 2812 P and 2812 U had ,B-lactamase activity, which was not increased by growth in the presence of penicillin (Table 3 ). There was no significant difference in P-lactamase activity between the strains that would explain their different 13-lactam susceptibilities ( Table   2) .
Rate of transition. The rate of appearance of pigmented colonies on MGE agar medium from cultures of strain 2812 U grown in MGE broth at 37°C was 4.0 x 10-5 (±2.0 X per 2812 U cell per generation. The rate of appearance of unpigmented colonies, measured as CFUs on MGE agar medium containing 2 ,ug of rifampin per ml, from cultures of strain 2812 P grown in MGE broth at 37°C was 3. Growth on solid media. All colonial variants grew to form single isolated colonies on MGE agar in 2 weeks at either 37 or 43°C. The four unpigmented variants failed to form colonies on MG agar in 2 weeks at either 37 or 43°C, although their pigmented variants did form colonies. The unpigmented variants did form colonies by 4 weeks. None of the pigmented but all the unpigmented variants grew on the TT agar medium at 370C in 4 weeks.
All pigmented and unpigmented variants grew on Lowenstein-Jensen medium slants; however, colonies of pigmented variants were visible while those of the unpigmented variants were not. To examine growth on Lowenstein-Jensen slants, the rates of growth of strains 2812 P and 2812 U were examined in detail. Not only did strain 2812 P grow faster However, those values were influenced by the fact that 30% of pigmented and 66% of unpigmented cells were recovered from slants after inoculation and immediate recovery.
Growth rates in liquid media. The growth of strains 2812 P and 2812 U was biphasic in MGE and Sauton media; initial growth (0 to 24 h) was rapid and then changed to a constant, lower rate ( Fig. 1 and 2 ). Such biphasic growth was most likely caused by disruption of aggregates and fragmentation of multinucleate, filamentous cells (J. O. Falkinham, unpublished data). The generation times reported in Table 4 reflect the rates after that initial rapid phase. All four pigmented variants had higher growth rates than did their unpigmented variants at both 37 and 43°C in MGE broth, MG broth, and M7HSF (Table 4) .
Hydrophobicity measurements. The hydrophobicity of cells of strain 2812 P was higher than that of strain 2812 U at all concentrations of hexadecane for cells grown on MGE agar plates (Fig. 3) . For those experiments, the turbidity and cell number of the suspensions were equal (3 x 107 CFU of 2812 P per ml and 4 x 107 CFU of 2812 U per ml). On the basis of the results obtained with strain 2812, the hydrophobicity of the other strains grown on MGE agar was measured at a single concentration of hexadecane (0.1 ml). Cells of the other pigmented variants were also more hydrophobic than were their unpigmented derivatives (data not shown).
Hydrophobicity of cells of strains 2812 P and 2812 U grown to early log, mid-log, late log, and stationary phases in MGE, MG, and M7HSF broth media used for antimicrobial susceptibility testing was also measured. Generally, cells of the pigmented variants were more hydrophobic than were those of the unpigmented variants, although both medium composition and stage of growth influenced the values (Table 5) .
Carotenoid content. The absorption spectrum of methanol extracts of whole cells of the pigmented strain resembled that of P-carotene (data not shown). With A450, the carotenoid content of strain 2812 P was 10.2 ,ug of carotene per mg (dry weight), and that of strain 2812 U was 4.2 ,ug of carotene per mg (dry weight). Because the culture of strain 2812 U contained 30% pigmented CFUs, it is likely that the pigment content of the unpigmented variants is even lower than the value reported here. After extraction with methanol, extraction of cells with petroleum ether did not yield a yellow solution. Plasmid DNA content. Because previous reports demonstrated changes in plasmid DNA profiles coincident with changes in colonial morphology (4, 16) , the plasmid DNA profiles of the pigmented and unpigmented variants were compared. No differences in plasmid DNA profiles between pigmented and unpigmented variants of the same strain were observed. Strain 2812 had two plasmids of 15 Not only were these M. avium strains relatively antibiotic resistant, as has been noted by others (7, 9, 29, 30) , but the unpigmented colonial variants were significantly more antibiotic resistant than were the pigmented strains (Tables 1  and 2 ). Quite possibly, the unpigmented variants are analogs of the transparent colonial variants of M. avium, which are more antibiotic resistant than their opaque segregants (8, 11) . In addition, the fact that the MBC/MIC ratios for the pigmented and unpigmented variants were greater than 4 for penicillins and cephalosporins suggests that these mycobacteria could be antibiotic tolerant (25) . The combination of high-level resistance (i.e., a high MIC) and tolerance (i.e., a high MBC/MIC ratio) has been reported in other microorganisms (25) .
The data provide the first proof of production oflactamase activity by strains of M. avium (Table 3) . However, the activities of the strains do not provide an explanation for the differences in ,B-lactam and cephalosporin susceptibilities in pigmented and unpigmented colonial variants of M. avium. Whether production of P-lactamase is unique to this collection of clinical and environmental M. avium strains or is common among isolates awaits further testing.
One mechanism resulting in the relative antimicrobial resistance of unpigmented variants specifically, and M. avium strains in general, could be the existence of permeability barriers. The coincident acquisition of resistance to 1-lactams, cephalosporins, aminoglycosides, macrolides, and heavy metals in the unpigmented derivatives of strains 2812 and 2816 (Table 2) suggests that the existence of a permeability barrier distinguishes strains 2812 U and 2816 U from their pigmented parents. Such permeability barriers have been proposed by others (17, 21) .
The reduced hydrophobicity of strains 2812 U and 2816 U ( Fig. 3 ; Table 5 ) could contribute to such a permeability barrier by reducing the ability of hydrophobic antibiotics to penetrate the outer layers. However, precise determination of whether differences in hydrophobicity are reflected in differences in drug susceptibility will require measurement of susceptibility to derivatives of drugs which share the same mode of action, yet whose hydrophobicities differ (12) . In addition, because hydrophobicity is influenced by medium composition and growth stage ( The results also suggest that differences in growth rates of M. avium strains could contribute to differences in antibiotic susceptibility, as has been shown for other microorganisms (25) . The growth rates of the pigmented, antibiotic-susceptible variants were higher than those of the unpigmented, antibiotic-resistant variants. Because inhibition of microorganisms by antibiotics is stronger in growing cultures (25) , all or a fraction of the increased resistance of the unpigmented strains to antibiotics and heavy metals could be due to their lower growth rates.
The fact that the unpigmented variants are more resistant to antibiotics (Tables 1 and 2 ) than are their pigmented segregants suggests a reason for the failure of chemotherapeutic treatment of M. avium infections when in vitro susceptibility tests predicted drug susceptibility (7, 29, 30) . It is possible that such tests have been performed with the more easily detected, antibiotic-susceptible pigmented variant. Antibiotic treatment would lead to the selection of drug-resistant, unpigmented variants. Because the frequency of transition is significantly higher than mutation and because the numbers of M. avium are quite high in cases of disseminated disease in patients with AIDS (.10,000 CFU/ ml of blood [29] ), the frequency of drug-resistant, unpigmented variants may be quite high in patients.
